Norway represents the northern limit in the geographical distribution of Ixodes ricinus ticks in Europe. During the last decade an expansion of the range of this tick further north and at higher altitudes has been detected. This could affect the spread of Borre lia burgdorferi sensu lato pathogens in new territories and increase the risk of human infection in the country. The aim of the present study was to determine the prevalence of B. burgdorferi s.l. in I. ricinus ticks in different localities of Norway. Ticks were collected in 24 locations from northwest to southeast Norway during springsummer 2004 and 2006-2008. We used fla gene as a target for amplification of spirochete DNA. Multiplex PCR based on ospA gene of B. burgdorferi s.l. was used for species identification. The heterogeneity of B. garinii strains was investigated using ospAbased sequencing analysis. B. burgdorferi s.l. was detected in 171 (7.2%) out of 2360 I. ricinus ticks analyzed. The infection rate varied from zero to 32% in the investigated locations. Infection rate in adults (11.9%) was significantly higher than in nymphs (4.7%). The overall infection rate in ticks from western Norway (4.0%) was significantly lower than in those from southern Norway (10%). Four B. burgdorferi s.l. genospecies were identified, and the most common was B. afzelii (71.9.0%), followed by B. garinii (12.9%), B. burgdorferi s.s. (7%) and B. valaisiana (1.2%). A total of eight (4.8%) of the infected ticks harboured mixed infections. Phylogenetic relationship between B. garinii strains and their cor respondence to OspA serotype types was compared with the sequences registered in GenBank database. Five genotypes of B. garinii derived from ticks were identified. The most frequent was OspA type 6.
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INTRODUCTION
Lyme borreliosis (LB) is the most common tick-borne multisystemic disease of humans caused by Borrelia burgdorferi s.l. spirochete in temperate climates of the northern hemisp here. B. burgdorferi s.l. is adapted mainly in wild animals with the nature cycle involving ixodic ticks as vectors. The main European vector for B. burgdorferi s.l. is the sheep tick Ixodes ri cinus. During the last decades, distribution and abundance of I. ricinus ticks have increased in Europe due to climatic changes. Norway repre sents the northern limit in geographical dis tribution of this species in Europe, and a recent study has indicated an expansion of the range of I. ricinus further north and at higher altitudes (Jore et al., 2011) . This could affect the spread of B. burgdorferi s.l pathogens in new territories and increase the risk of human infection in the country. In Norway LB is a common disease, however, only disseminated and chronic forms of LB are notifiable, which lead to an un derestimation of the total incidence. The 
MATERIALS AND METHODS

Tick collection
Unfed I. ricinus ticks were collected in springsummer seasons during 2004 and 2006-2008 in 24 localities with different habitats spread from northwest to southeast of Norway (Fig. 1) .
In the north-western part ticks were collected from Fjelløyvaer, Strøm localities, in the western part -from Etne, Mundheim, Hermansverk, Bakke, Svanøy, Utvik, Hellesylt, Stran da, Surnadal, in the southern part -from Lista, Søgne, Odderøya,Tjore,Tromøy, Hinnebu, Tvedestrand, Risør, and in the southeastern part -from Jomfruland, Kjosvik, Lø-vøya, Hvasser and Mølen localities (Fig. 1) .
I. ricinus ticks were collected using a standard 'flagging' method for collecting active ticks on vegetation (Hillyard, 1996) . A cotton cloth of 1 m 2 was waved and inserted deep through low bushes, tall grass, shrubs, and low tree branches. The cloth was in contact with the surface and checked for ticks every 10 m. All the attached ticks were removed from the cloth, placed into sealed vials containing 70% ethanol, and stored until processed. Ticks were classified according to their stage and were identified by their morphological characteristics (Fillippo va, 1977; Hillyard, 1996 
DNA extraction
All the ticks were analyzed individually. Extraction of the DNA from the ticks was carried out by lyses of tick in ammonium hydro xide (NH 4 OH) (Rijpkema et al., 1996 ; Ambrasie ne et al., 2004). Each nymph and adult samples were put in separate 0.5 ml microcen tri fuge tubes, filled with 2.5% ammonia solution (80 µl for nymphs and 100 µl for adults), and then heated at 99 °C for 25 min in thermostat. Further on the tubes were opened and heated at 99 °C for evaporation of ammonia (approx. 15-20 min). The lysates were stored at -20 °C.
To validate the morphological identification of ticks and efficiency of the DNA extraction (subsequently avoid potential falsenegative re sults due PCR inhibition) PCR analysis with species-specific primers IxriF and IxriR re sult ing in a 150 bp segment of the 5. 
Screening for Borrelia burgdorferi sensu lato
Detection of B. burgdorferi s.l. infection was per formed using direct PCR amplification of B. burgdorferi s.l. DNA from ticks. We used fla gene that is highly conserved among Borrelia species as a target for amplification of spirochete DNA (Picken, 1992) . PCR was performed by using FL6 and FL7 primers as previously described in Paulauskas et al. (2008) .
B. burgdorferi s.l. genospecies identification
Borrelia positive ticks were involved in furth er analysis in order to determine Borrelia genospecies. The primers used in the study for species identification are shown in Table 1 
Sequencing
To confirm the results of PCR amplification and investigate genetic variation among isolat ed strains thirteen PCR products of 345 bp ospA gene were extracted from the agarose gel and purified with Nucleospin extract II purification Kit (Macherey-Nagel, GmbH & Co). PCR products were bidirectional sequenced using the ABI PRISM 3130XL Genetic Analyzer (Applied BioSystems, USA). The obtained sequences were edited and analysed using the Mega 5.2 package programs. A phylogenetic tree was construct ed using the neighbor-joining (NJ) method with bootstrap analysis of 500 replicates.
The partial sequences of the B. garinii ospA gene were submitted to the GenBank under the following accession numbers: HM623296 (5. 
Statistical analysis
Differences in the prevalence of B. burgdorfe ri s.l. in different stages (nymphs versus adults) and sampling sites (western, south and southeastern parts of the country) of I. ricinus were evaluated statistically using the two-tailed χ 2 -test. Statistical analysis was performed using the statistical software package STATISTICA for Windows 5.5. (Table 2) . B. burgdorferi s.l. DNA was found in 7.2% (171 out of 2 360) of ticks. The overall infection rate varied from zero to 32% in different localities as shown in Table 2 . Altogether, nymphs had a significantly low er infection rate (4.7%, 47/994) than adults (9.1%, 124/1366) (χ 2 = 16.19; df = 1; p = 0.0001) ( Table 2 ). The mean infection rate in female I. ricinus ticks was significantly high er -11.9% (83/697) than in males -6.3% (42/669) (χ 2 = 13.02; df = 1; p = 0.003) and nymphs -4.7% (47/994) (χ 2 = 29.76; df = 1; p = 0.0000). Infected ticks were found in 19 samp ling sites ( Table 2 ). The overall prevalence of infection in locations from western Norway (locations 1-12 in Table 2 ) -4.0%; 43 out of 1 082 was significantly lower than in those from 37 (7) 30 (2) 11 ( 19 (2) 18 (1) 22 ( Fig. 2; Table 2) .
B. afzelii has been found as the dominant genospecies in I. ricinus and was detected in 17 from 24 investigated localities. No differences were observed between prevalence of B. afzelii in ticks from western and southern parts of 
Sequence analysis
The sequence analysis of random selected positive samples confirmed B. afzelii, B. garinii, B. burg dorferi s.s., and B. valaisiana genospecies. In the present study we investigated the heterogeneity of B. garinii strains derived from thirteen positive tick samples. Sequencing of the partial (345 bp) ospA gene revealed 5 diff erent sequence types (Table 3 ). The analyzed sequences had between one and six nucleotide differences at six positions and were 97.7-100% identical to each other, with 85.4-100% homology to B. garinii sequences obtained from GenBank.
To investigate the correspondence of strains to OspA serotype types the obtained sequences were compared with the strains of serotypes described for B. garinii (Wilske et al., 1993; Will et al., 1995; Wilske et al., 2007) from GenBank. Among the 13 ospA sequences obtained from ticks in this study, 5 different genotypes were identified. The relationship between B. garinii ospA sequences identified in this study (n = 13) and presented in GenBank (n = 10) are shown in Fig. 3 .
Seven of analyzed B. garinii sequences were identical to ospA sequences of OspA 6 type ( Fig. 3; Table 3 ). In the phylogenetic tree (Fig. 3 ) these sequences formed a separate cluster (A) with other four, closely related, sequences (pairwise distances range from 0.3 to 1.3%), which differed from each other at one to three nucleotide positions (Table 3) . Cluster B on the phylogenetic tree represents B. garinii ospA sequences, which are similar (pairwise distances range from 0.3 to 3.6%) to OspA 5 type sequences (WABSou, PHei) and differ from the corresponding sequences at four to five nucleotide positions (Table 3 ; Fig. 3) . Some of the sequences analyzed in this study were identical to those, previously obtained in engorged I. ricinus tick removed from birds in Norway (Paulauskas et al., unpublished). Five sequences (5.26; 12.6, 12.10; 12.5, Tj.46), representing three genotypes, were unique and have so far not been described (Table 3 ; Fig. 3 ). Separation of sequences within the phylogenetic tree seems to not depend on the geographic origin.
DISCUSSION
Previous studies in Europe have shown that the infection rate of Borrelia spirochetes in I. rici nus varies between geographical regions, and seems to be influenced by the nature of the habitat, in particular with tick hosts that are found in the area (Gern and Humair, 2002; Kurtenbach et al., 2002a; 2002b) . Positive correlation between tick density and prevalence of Borre lia in ticks has been found (Tällerklint and Jaenson, 1996) . Such correlation has been explained as a result of contact between vectors and the reservoir hosts. To better understand the disease risk in a particular region, knowledge about variation in pathogen prevalence in ticks and host is needed.
In the present study we have investigated the prevalence of B. burgdorferi s.l. in questing ticks from 24 locations spread from north west to southeast Norway. The study was conducted during the years 2004 and 2006-2008 , and the data of prevalence of infection in different locations and different years was combined (Table 2) . We found different prevalence at the localities ranging from zero to 32%. The locality with the highest prevalence (80%) represented only 5 ticks and was not included in calculation of prevalence at this site ( Table 2 ). The over all infection rate in ticks from southern Nor way (10.0%) was significantly higher than in those from western Norway (4%). A similar infec tion rate (11.5%) in southern Norway has been described by Jenkins . The hete rogeneity of the causative strains is a challenge for the microbiological diagnosis of Lyme borreliosis in Europe. The heterogeneity observed among ospA sequences of European strains (especially regarding B. garinii), has been used for the development of diagnostic tools (Wilske et al., 1993; Will et al., 1995; Michel et al., 2003) .
The present study provides data on the distribution of B. garinii OspA types in Norway using ospA-based sequencing analysis. Five genotypes of B. garinii strains from ticks were identified. Thirteen ana lyzed 345 bp ospA gene sequences showed si milarity with sequences of OspA serotype 6 and OspA serotype 5 types. The most frequent B. garinii OspA type in the present study was OspA type 6. Eleven sequences derived from adult ticks, from which seven were identical and six closely related to OspA type 6 strains, comprised of four genotypes. Two from these genotypes have previously been found in nymphs feeding on migrating birds in Nor way (Fig. 3) I. ricinus ticks acquire Borrelia primarily through blood meals and the risk of infection increases with the number of blood hosts. Consequently, a higher Borrelia infection is expected in adults compared to nymphs. We detected a significantly higher prevalence of Borrelia in adult ticks compared with nymphs and a higher infection rate among females than males (Table 2 ). Such differences were also registered in the study of Mysterud et al. (2013) conducted along the western coast of Norway in 2011.
Corresponding to previous European studies (Stanek and Reiter, 2011) The host for adult ticks is mainly large vertebrates. This may lead to high density of ticks in areas with wild cervids (moose, roe deer, red deer) and browsing livestock. It was suggested that the presence of deer has a diluting effect on boreal infections (Jaenson and Tällerklint, 1992; Rosef et al., 2009 ). As shown in our previous study on an island in Norway (Rosef et al., 2009 ) the wild cervids reduced the Borrelia in sucking adults and diluted the infection in questing ticks. As deer may eliminate infection in ticks, the difference in the population density of wild cervids is primarily responsible for the maintenance of the tick population and explains the lower prevalence in adult I. ricinus in some locations. Our study supports the hypothesis of the dilution effect in ticks according to the high density of red deer. We detected lower prevalence of Borrelia infection in questing ticks from western regions with high density of red deer compared to the southeast, that could be due dilution of Borrelia in feeding ticks. Another study recently conducted in the west of Norway (Mysterud et al., 2013) confirmed the hypothesis of the dilution of B. burgdorferi s.l. in ticks in areas with high density of red deer. The migration of red deer, however, may play an important role in the dispersal to new locations of ticks and to keep a high abundance of ticks in certain areas (Qviller et al., 2013) .
According to the MSIS annual report, the numbers of Lyme borreliosis are lower in the counties of Hedmark and Oppland ( Due to the climatic changes and expansion of I. ricinus distribution range, continued monitoring of Lyme borreliosis pathogens in ticks is essential for the assessment of disease risk in different regions of Norway.
